Advanced liver disease is associated with coagulopathy and bleeding that develops from several mechanisms. In common clinical practice, the bleeding is treated with blood products and/or pharmacologic agents based on their corrective effect on laboratory tests of hemostasis. We report the case of a 72-year-old man with end-stage liver disease with refractory bleeding in whom multiple therapeutic strategies failed, including massive blood product replacement, but who responded to the infusion of tranexamic acid, an anti-fibrinolytic agent. The hyper-fibrinolytic state is difficult to diagnose with conventional clinical laboratory tests, but it was suspected in this patient with refractory bleeding and hypo-fibrinogenemia. Although largely used in the surgical setting, tranexamic acid may prove useful in medical settings characterized by bleeding and systemic fibrinolysis.
Introduction
The coagulopathy and bleeding tendency of advanced liver disease develops from several mechanisms including insufficient levels of coagulation factors, thrombocytopenia and platelet function defects, elevated plasma levels of tissue plasminogen activator (t-PA), overproduction of nitric oxide and prostacycline, vitamin K deficiency and dysfibrinogenemia [1, 2] . It is common clinical practice to treat the bleeding with blood products and/or pharmacologic agents. The use of these agents tends to be based on their corrective effect on laboratory tests of hemostatic function (e.g. PT, APTT, fibrinogen level), but their ability to prevent or control bleeding has not been validated by randomized, controlled clinical trials [2, 3] . The fibrinolytic system is altered in 30-50% of patients with end-stage liver disease [4, 5] , leading to hyper-or hypo-fibrinolysis and predisposing the patient to excessive bleeding and, less often, thrombosis. We report a patient with end-stage liver disease with refractory bleeding in whom multiple therapeutic strategies failed, including restoration of platelets, coagulation factors and fibrinogen, but who responded to the administration of an anti-fibrinolytic agent.
Case Report
A 72-year-old man with advanced cryptogenic cirrhosis presented to the hospital, anuric, jaundiced, feeling ill and requiring total assistance. He had been diagnosed with hepatocellular carcinoma 6 months prior to admission and had undergone radio-frequency ablation of the tumor. His clinical course was complicated by portal hypertension resulting in upper gastrointestinal tract bleeding, recurrent ascites, spontaneous bacterial peritonitis and hepatic encephalopathy. Shortly after admission he developed hepatorenal syndrome requiring transfer to the intensive care unit for hemodynamic support and emergent continuous veno-venous hemofiltration, which was started on the sixth day of hospitalization. On the second week of hospital stay he was noted to have significant oozing of blood from all intravenous (IV) catheter sites including his right subclavian hemodialysis catheter, left internal jugular triple lumen catheter and the site of a previous right internal jugular triple lumen catheter. There were no hematochezia, melena or hemoptysis. At that time, he was on rifaximin, midodrine, pantoprazole, lactulose, insulin and norepinephrine via IV drip. On physical ex-amination, he was afebrile, hypotensive, slightly tachycardic and jaundiced. He had petechiae in his oral mucosa and had blood-soaked dressings over his left internal jugular catheter site, old right internal jugular catheter site and right subclavian hemodialysis catheter site. The abdomen was markedly distended. His extremities had 3+ pitting edema bilaterally to the knees.
The patient's bleeding was treated with 10 mg of IV vitamin K and multiple blood products (Fig. 1 ). In the span of 9 days (from day 6 to day 14 of hospitalization), he received 24 units of packed red blood cells (PRBC), 25 units of plasma, 13 apheresis platelets and 15 pools of cryoprecipitate (5 units per pool). Despite this, his bleeding significantly worsened necessitating transfusion of 10 units of PRBC and 12 units of plasma in less than 24 h on the 15th day of hospitalization.
The administration of 4 mg of recombinant factor VIIa (50 µg/kg) that same morning did not resolve his bleeding.
In light of persistent marked prolongation of the PT and APTT and persistently low plasma fibrinogen, despite massive blood product resuscitation, a transfusion medicine consultant recommended the use of an anti-fibrinolytic agent to control the bleeding. Therefore, in the evening of hospital day 15 and into the early hours of day 16, he received tranexamic acid as an IV bolus of 1,000 mg followed by 1,000 mg as an 8-h continuous infusion. Early on the 16th day of hospitalization, he was still transfused with 6 units of PRBC, but he required only 2 more units of PRBC in the following 48 h. On the 18th day of hospitalization his bleeding from IV catheter sites resumed and 2 more units of PRBC were given. He then received another 1,000 mg IV bolus of tranexamic acid followed by an 8-h continuous infusion, which allowed for deep sutures to be placed at the right internal jugular IV site. His bleeding resolved completely and he had no further active bleeding. A third course of tranexamic acid was given prophylactically on day 23 for a central IV line removal. There was no active bleeding at the time. Unfortunately, he expired on hospital day 33, with pulseless electrical activity and respiratory failure due to overwhelming sepsis and pneumonia.
Discussion
This report represents successful use of an anti-fibrinolytic agent in the setting of severe refractory bleeding in a patient with advanced liver failure. Prior to receiving tranexamic acid, our patient received aggressive blood product support, including red cells, plasma, platelets and cryoprecipitate, in an attempt to replete factors involved in multiple aspects of hemostasis. The failure of massive blood product support to control his bleeding, and persistent low serum fibrinogen values and elevated serum levels of D-dimers and fibrin degradation products, were interpreted as an indication that uncontrolled fibrinolysis was the dominant feature of his hemostatic defect. Thus, after weeks of receiving massive amounts of blood products, our patient's refractory bleeding responded to the use of an anti-fibrinolytic agent within hours. After the effect of tranexamic acid had worn off, and bleeding had resumed, he promptly responded to a second administration of the drug.
Accelerated intravascular coagulation with secondary hyper-fibrinolysis has been reported in 30-46% of patients with end-stage liver disease [1, 4] . The hyper-fibrinolytic state is difficult to diagnose with conventional clinical laboratory tests, but it was suspected in this patient with refractory bleeding and hypo-fibrinogenemia despite massive blood product replacement. There are no randomized clinical trials showing benefit of anti-fibrinolytics in patients with cirrhosis and bleeding diatheses; however, several reports indicate that, when hyper-fibrinolysis is proven or suspected, these agents may be effective and appear safe in cirrhosis [6] [7] [8] [9] . The anti-fibrinolytic agent tranexamic acid aids in achieving hemostasis by competitively inhibiting the binding of plasminogen and plasmin to fibrin, thus, interfering with the dissolution of the fibrin matrix [10] . IV tranexamic acid, given with a loading dose of 1,000 mg over 10 min, followed by 1,000 mg over the next 8 h, has been found to decrease the risk of death in patients who have significant bleeding due to trauma when used less than 3 h following the injury event [11] .
Our patient was provided massive blood product support in an attempt to replete clotting factors and control his bleeding, an approach based on abnormalities of commonly used clinical laboratory tests of hemostatic function. Despite this, his bleeding persisted and his laboratory test results did not improve, but an appreciation of the role of fibrinolysis in his bleeding diathesis led to the successful use of an anti-fibrinolytic agent. This case illustrates how awareness of the diversity of mechanisms of hemostatic imbalance in patients with liver failure can lead to proper interpretation of common tests of hemostatic function and help in therapeutic decision making. Furthermore, although largely used in the surgical and trauma setting [10, 12] , tranexamic acid may prove useful in medical settings characterized by bleeding and systemic fibrinolysis.
